INTRODUCTION
T he randomized controlled trial (RCT) is regarded as one of the most valued research methodologies for examining the efficacy or effectiveness of interventions. 1 Randomized trials are most often associated with studies of drug effectiveness; however, they have also been successfully applied to research questions related to provision of care by pharmacists. [2] [3] [4] [5] This article is not intended to be an exhaustive guide on performing an RCT, but rather an introduction to the major concepts and approaches involved in designing and conducting an RCT. Readers requiring additional information are referred to more comprehensive publications [6] [7] [8] [9] and are encouraged to consult with researchers experienced in this area before undertaking a study. Throughout this paper, individuals enrolled in a study are referred to as "patients", the individuals delivering the study (e.g., pharmacists in practice research) are referred to as the "investigators", and those responsible for study design and analysis are referred to as the "study team". effectiveness (performance under "real-world" conditions). 10 Their suitability for these purposes is due to prospective data collection, investigator-controlled application of the intervention, use of a concomitant control group, and randomization to balance, on average, known and unknown confounding factors at the beginning of the study. The following are 2 sample research questions:
• Efficacy of drug therapy: What is the efficacy of atorvastatin 20 mg daily versus rosuvastatin 10 mg daily in the 5-year secondary prevention of major cardiovascular events in patients with type 2 diabetes mellitus? • Effectiveness of pharmacist intervention: What is the effectiveness of a pharmacist medication review program versus usual care for inpatients aged 65 and older who experienced a fall while in hospital in terms of the occurrence of falls during the first 6 weeks after discharge?
STEPS IN DESIGNING AND CONDUCTING AN RCT

Gathering the Research Team
As with other clinical research designs, it would be highly unusual for an RCT to be conducted without the establishment of a team encompassing a breadth of expertise. Team members often include those with clinical expertise in the area, researchers with experience in RCTs to ensure methodological rigour, statisticians, and practitioners who will serve as investigators to ensure that any potential barriers to effective participation are proactively identified and addressed. Multi-investigator or multicentre studies may also benefit from a project coordinator to provide investigator training and ensure standardized application of the study protocol among sites.
Determining the Research Question
The crafting of a specific research question that adheres to the acronym PICOT (Patients, Intervention, Control, Outcome, Timing) is a crucial step, as it will guide the design of the study and will affect the generalizability and clinical relevance of the findings. Note that both of the example research questions above include all elements of PICOT. Readers requiring additional guidance in crafting a research question are referred to a previous article in this series.
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Defining Inclusion and Exclusion Criteria
As with cohort and case-control studies, 12 restrictions are commonly applied to the population eligible for recruitment into an RCT. Inclusion and exclusion criteria should be carefully determined and should strike a balance between generalizability and minimization of bias. Criteria that are too narrow may create challenges in identifying a suitable number of patients and may make the results less generalizable, whereas criteria that are too broad may create challenges in detecting the true effect of the intervention for a given population. For example, some patient populations may exhibit greater non-adherence or may respond differently to a particular drug because of physiologic differences secondary to age, race, or other factors. Readers are referred to other sources for guidance on crafting inclusion and exclusion criteria. 8, 9, 13 Randomization Randomization is the allocation of patients to study groups by chance. The intended function of randomization is to balance known and unknown confounding factors between intervention and control groups, thus minimizing their impact on the relationship between the intervention and the outcomes observed. Although the majority of RCTs apply patient-level randomization (whereby each patient is individually randomized to a group), this approach poses challenges for studying certain interventions. Referring to the sample research question on an inpatient medication review program, let's assume that the same pharmacist is providing care to patients in both the intervention and the control groups. We might expect that the care provided Limited external validity and generalizability, due differences between intervention and control to strict inclusion and exclusion criteria and groups can be attributed to the intervention), application of interventions by protocol due to minimized bias within the study Investigator control over patient exposure Ethical considerations related to assigning patients to particular care approaches Prospective data collection, which allows for Generally shorter-duration follow-up than standardization of exposure and outcome collection observational studies Attempted balance, through randomization, Inefficiency of detection of rare or delayed between known and unknown confounding outcomes, due to smaller sample size and factors between groups shorter-duration follow-up than observational studies to patients in the control group may, intentionally or unintentionally, be influenced by any training that the pharmacist has received in fall-risk reduction or a greater awareness of fall-risk management as a consequence of participating in the program. In scenarios where the control group may be inadvertently exposed to parts of the intervention, a situation referred to as "contamination", cluster randomization may be preferred. Cluster randomization applies randomization at the level of the investigator or site. In the case of the sample research question, cluster randomization could be applied at the level of the pharmacist, ward, or hospital, if multiple investigators or sites are involved. All patients of that pharmacist, ward, or hospital would therefore be part of the same treatment group. The benefit that this approach confers in terms of minimizing the risk of contamination is balanced by the drawbacks of requiring a larger number of patients if the study is to achieve statistically significant differences in outcomes between groups and by the challenges of engaging investigators who may be less inclined to participate if they are randomized to provide care only to the control group. Simple randomization can be performed through the use of sealed envelopes, each containing a group allocation (with a new envelope being opened as each patient is enrolled) or through the use of randomization software. However, sealed envelopes are rarely used, because of the potential for investigator manipulation. Many RCTs employ more complex techniques, such as blocking or stratified randomization. In brief, block randomization ensures that a relatively equal number of patients are randomized to each group as the study progresses, whereas stratified randomization is used to ensure balancing of key baseline characteristics between groups rather than relying on chance. For example, if falls are known to be more common among seniors who are taking drugs with anticholinergic effects, 14 the randomization scheme can be designed to ensure that an equal proportion of patients on any of a prespecified list of drugs are assigned to each group. Serial randomization (randomization into one group followed by randomization into another subgroup) or a factorial design (randomization to combinations of more than one type or level of intervention or control) can also be employed. Regardless of approach, efforts must be made to track randomization and to ensure that the randomization scheme is applied only once per patient. Specifics on the design of the randomization strategy should be concealed from investigators to reduce the risk of selection bias, which is the selective enrolment of patients when they are perceived to be more likely to be enrolled into one group versus the other.
Determining and Delivering the Intervention
In RCTs, it is important to ensure that the intervention is specifically defined and consistently delivered. The protocol should clearly define the timing of intervention and monitoring visits, the drug dosages to be used with protocols for dose modification (primarily for drug effectiveness or safety trials), the measurement tools to be used, and any protocols or guidelines to inform decisions involving professional judgment. Studies involving multiple investigators should include a formal training component to ensure similar knowledge of the condition under study, the intervention protocol, and study processes. Individuals with clinical expertise in the area should be involved at this stage to ensure that the intervention is clinically sound and safe, as it is unethical to expose patients to unnecessary risk or to an intervention that is unlikely to have a sufficient chance of benefit.
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Selecting the Control
The control determines the additional exposure offered by the intervention. As such, the control must be selected with care. Researchers must first consider whether to use a placebo control or an active control. A placebo control is just that-no active therapeutic effect is anticipated-whereas an active control involves some therapeutic effect, but one that is believed to be at a lower magnitude than the intervention or the current gold standard. In practice research it is unethical for health care professionals to refuse to provide any care to patients in a control group; therefore, the control is generally an active control, in the form of usual care. In usual care, the patient's care team functions as it generally would in the absence of a trial. The only difference is that the intervention is not applied in addition to usual care. As mentioned by Tsuyuki, 13 it is important that the study team determine what usual care looks like in each of the investigators' practices, as pre-existing differences may affect the results observed.
Determining and Measuring Outcomes
Although trials generally identify a primary outcome, from which the sample size needed to detect that outcome at a statistically significant magnitude is calculated, secondary outcomes can be considered if they are likely to also be influenced by application of the intervention. Outcomes can take many forms-clinical (individually or as a composite of multiple related outcomes), economic, process evaluation, patient knowledge or satisfaction, among others-depending on the intervention under study. All relevant outcomes should be identified a priori (i.e., before the study begins) to ensure that data-collection tools capture all required information and to provide statistical rigour. Outcome measurement should be as standardized as possible, through the drafting of specific definitions of what constitutes an outcome (e.g., in the PROVE-IT trial, 16 myocardial infarction was defined as "the presence of symptoms suggestive of ischemia or infarction, with either electrocardiographic evidence [new Q waves in two or more leads] or cardiac-marker evidence of infarction, according to the American College of Cardiology definition"), the consistent use of electronic and validated diagnostic devices, and the use of piloted and validated surveys or tests. As studies with a prospective design, RCTs offer the benefit of allowing data to be collected at the level of detail required for analysis, unlike retrospective studies or studies of administrative data, where researchers are limited to information that has already been collected. Although detail in patients' baseline characteristics, exposures, and outcomes is beneficial, researchers must ensure that data-collection tools are not overly cumbersome, which might discourage participation and complete outcome collection by investigators.
Blinding Participants and Investigators
To minimize opportunities for bias, some form of blinding is often employed. Recall that there can be up to 3 groups of individuals involved in research: the patients, the investigators, and the study team. Single-blind studies are those in which one of these groups (often the patients) is blinded to patient-group allocations, while double-blind and triple-blind designs incorporate blinding of the investigators and/or the study team analyzing the results. The highest level of blinding possible is preferred, but not all interventions can be adequately blinded. For example, blinding in the drug therapy effectiveness study mentioned above could be achieved by formulating a placebo tablet of the same appearance as the atorvastatin tablet dispensed by an individual not involved in data collection; however, blinding as to care interventions is impossible, since patients and investigators must be aware of the group allocation in order to apply or receive the intervention.
Ethical Considerations
Readers are referred to a previous article in this series for details on ethical requirements in research. 15 In addition to these, RCTs require specific additional considerations that are highlighted here. Information provided to patients as part of the informed consent process must clearly describe what randomization is (e.g., like a coin flip) and must ensure that patients are aware of what allocation to the intervention or control group(s) involves. Additionally, in RCTs of care provided by health professionals, ethics boards may require that the intervention, if found to be beneficial, be offered to patients in the control group at the end of the study, so as to avoid imparting a health advantage to those randomized to the intervention group.
Collecting the Data
As discussed earlier, the prospective design of RCTs allows for the collection of data that are believed to be of value in answering the research question. As randomization is not guaranteed to equally balance all patient characteristics across groups, even if stratification is employed, data on demographic characteristics, medical history, medication use, and lifestyle considerations should be collected to evaluate the degree of balance of these factors across groups. Whenever possible, data should be collected as continuous rather than categorical or binary values (e.g., for smoking status, documenting the average number of cigarettes smoked per day is more valuable than documenting whether or not patients smoke [yes/no] or determining whether they smoke 0-10, 11-20, or ≥ 21 cigarettes per day). Again, a balance must be established between comprehensiveness and practicality, with collection of data for only those characteristics or outcomes believed by the study team to potentially influence the relationship between intervention and outcome. Ideally, outcome data would be collected by an individual blinded to the patient's group allocation, to reduce the risk of subjective interpretation by the investigator or biased reporting by the patient, especially if the patient is providing feedback on the quality of care provided or satisfaction with care.
Determining Sample Size and Analyzing the Data
A thorough discussion of sample size calculations and data analysis methods is beyond the scope of this article and will be addressed in a future paper in this series. Of most importance to note here is that the data analysis strategy and statistical plan should be clearly established before the study is initiated. Study teams are strongly encouraged to consult with a statistician and/or a researcher experienced in RCT data analysis when designing the study and evaluating the findings. Again, it is important to ensure that all relevant outcomes to be evaluated are specified before implementing the study and also to ensure that the most valued outcome is prespecified as the primary outcome in order to appropriately inform the sample size required to detect a reasonable difference between groups.
The study team must also consider whether outcomes will be evaluated on an intention-to-treat or per-protocol basis. In intention-to-treat analyses, each patient's outcomes are analyzed as part of the group to which they were randomized, whether or not they completed the study or received an intervention outside of the study protocol. Per-protocol analysis only counts those patients who completed the study as specified in the protocol. The intention-to-treat approach is generally preferred, as it preserves the benefits of randomization, given that patients choosing to withdraw from the study or receive care outside of the protocol may differ from those who complete the study as specified. Readers requiring additional information on statistical tests and outcome analysis are referred to research and statistics textbooks in this area. 8, 9, 17 Sample sizes are estimated on the basis of the expected effect size of the intervention versus the control on the primary outcome. If the expected effect size cannot be estimated from previous studies in the area, it may be necessary to conduct a pilot of the RCT to estimate the effect size. Readers are referred to other articles for specific information on the design and utility of pilot studies. 18, 19 
Disseminating and Reporting Results
RCTs, by the nature of their study design, are less prone to bias than observational studies, and therefore the findings from RCTs strongly support causal inferences. Because of this ability, it is expected that their findings will be reported and disseminated regardless of the outcome observed. To facilitate the consistent and transparent reporting of RCTs, the study should be added to a research registry before patient enrolment begins (e.g., www.clinicaltrials.gov), with study methods and results presented in the manner recommended by the CONSORT statement (available at www.consort-statement.org). Dissemination of study results may take the form of poster or oral presentations at academic or professional conferences, publication in a peerreviewed journal, discussion via professional networks, or communication with decision-makers. The dissemination strategy should also be preplanned wherever possible, with flexibility to adapt the strategy according to stakeholders' needs. This process of knowledge translation, to be addressed in a future paper of this series, is a key step toward ensuring the uptake and integration of new knowledge into practice.
CONCLUSION
The RCT is a valuable tool in various aspects of research in health care, from drug safety and effectiveness to studies of health professional interventions. To sufficiently isolate the impact of the intervention on the outcome, RCTs must be thoughtfully designed and conducted and must involve team members with expertise across all relevant clinical and methodological aspects.
